INTRODUCTION
27.2 wt%, respectively) and FeO (5.4 and 4.6 wt%, respectively). The average Na 2 O contents 161 in the bulk core and its mesostasis are both 1.1 wt% (Table 2) . 162 The mantle of the SARC is approximately 400 µm thick and is mainly composed of rich enstatite, anorthite, and mesostasis (Fig. 3a) . The core and the mantle are distinguished 164 by the presence of spinel (core) and the lack of spinel (mantle) in the mineral assemblage (Fig. 165 3b). Unlike their counterparts in the core, Al-rich enstatite and anorthite in the mantle are 166 coarser-grained (Fig. 3a) , with some anorthite grains that are approximately 60 µm wide. 167 Most Al-rich enstatite grains also contain thin and parallel cracks perpendicular to the c axis, 168 whose formation could be related to the transformation from high-temperature protoenstatite 169 into clinoenstatite. The mesostasis in the mantle consists mainly of relatively coarse-grained 170 high-Ca pyroxene (up to 20 µm in diameter) and anorthite than those in the core mesostasis.
171
Chemically zoned and Al-poor enstatite grains often occur in or adjacent to mesostasis in the 172 mantle (Fig. 3c) . It is noteworthy that some anhedral to subhedral olivine grains and FeNi 173 metals (10-60 µm in size) occur locally in the mantle, close to the margin of this chondrule 174 ( Fig. 3d) . Anorthite grains in the mantle contain slightly lower An components (82) (83) (84) (85) (86) (87) ) than 175 those in the core of the SARC (Table 1) . Most coarse Al-rich enstatite grains Fs 0.6-7 0.8 Wo 1.4-1.6 ) contain high Al 2 O 3 (8.13-10.7 wt%) and low FeO (0.37-0.50 wt%) (Table 1) . 177 However, the zoned enstatite grains Fs 1.1-21.2 Wo 0.8-1.7 ) in and adjacent to mesostasis 178 contain lower Al 2 O 3 (3.71-7.11 wt%) and higher .0 wt%). The high-Ca 179 pyroxene grains Fs 17.6-18.5 Wo 34.0-50.7 ) in the mantle mesostasis are (Mg#=64.1-73.4) and have large variations in Al 2 O 3 and TiO 2 contents (0. 43-4.91 and 0.14-181 3.06 wt%, respectively). Olivine in the mantle is . The average 182 bulk compositions of the mantle and its mesostasis are also given in Table 2 . Compared to the 183 bulk core and its mesostasis, the bulk mantle and its mesostasis have higher average amounts 184 of SiO 2 and CaO and lower average amounts of MgO and Al 2 O 3 ( Table 2 ). The bulk mantle 185 and its mesostasis contain high FeO (4.5 and 6.6 wt%, respectively) and Na 2 O (1.8 and 1.7 186 wt%, respectively).
187
The rim of the SARC is mainly composed of olivine, enstatite, and Fe-Ni-metal and 188 occurs discontinuously (Figs. 1 and 4a) . A few fine and irregular grains of anorthite are 189 present in the rim; however, no apparent mesostasis was observed. At some sections, the 190 olivine-enstatite assemblages are partially enclosed in the mantle (Fig. 4b) . The texture and 191 mineralogy of the rim, with round-shaped olivine and FeNi metal grains enclosed by enstatite, 192 are almost the same as those of porphyritic olivine-pyroxene chondrules observed in DaG 193 978 (Zhang and Yurimoto, 2013) . Olivine in the rim is also ) and is 194 almost identical in composition to olivine in the mantle (Table 1) . Enstatite grains 92.6 Fs 6.5-24.3 Wo 0.9-1.7 ) in the rim are usually low in Al 2 O 3 (~ 1 wt%) and have a large variation 196 in Oxygen isotopic compositions of the SARC 198 Minerals in the SARC have a large variation in oxygen isotopic composition (Table 3) 199 and almost all data lie along the carbonaceous chondrite anhydrous minerals (CCAM) line 200 (Fig. 5) . 201 The oxygen isotopic compositions of more than ten spinel grains from the core of the (Giletti et al., 1978; Freer and O'Reilly, 1980; Hallwig et al., 1982; Jaoul et al., 1983; Elphick 489 et al., 1988; Farver, 1989; Ryerson et al., 1989; Ryerson and McKeegan, 1994; Hier-490 Majumder The required diffusion temperatures and durations (dashed curves in Fig. 7 augite is above those for oxygen diffusion in spinel and olivine (Fig. 7a) . One possibility is 508 that the augite is a metamorphic crystal crystallized during the metamorphic event (e.g. ) and a few previously reported cordierite-bearing Al-rich chondrules (Fuchs, 1969; 555 Sheng et al., 1991; Akaki et al., 2007) Individual measurements are from different grains except anorthite grain#1 and olivine grains #1, #2, 864 and #3. Intra-grain heterogeneities are observed in olivine grains #1 and #3. 865
